
UNCLASSIFIED 

.,430067 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION. ALEXANDRIA. VIRGINIA 

UNCLASSIFIED 



NOTICE: When government or other drawings, speci¬ 
fications or other data are used for any purpose 
other than in connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern¬ 
ment may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other 
data is not to be regarded by implication or other¬ 
wise as in any manner licensing the holder or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented Invention that may in any way be related 
thereto. 



Ÿ 

HEADQUARTERS 

* ^QUARTERMASTER RESEARCH è ENGINEERING COMMAND 

O U S ARMY 

CO 
Th 

CO 
CO 
O 

TECHNICAL R F PC RT 

EP-160 

^ o EFFECT OF 

^EDUCED RATION AND METHOD OF LOAD CARRYING ON 

¡ § "-‘¿PHYSICAL FITNESS AND ENERGY EXPENDITURE OF 

Tg rá SMALL GROUPS OF MEN 

OPERATING ON THE GREENLAND ICECAP 

á> 
CD 
O 
o 
oo 
'^T 

QUARTERMASTER RESEARCH è ENGINEERING CENTER 

ENVIRONMENTAL PROTECTION RESEARCH DIVISION 

JULY 1961 ^g'^AsnA." 

,,n l0B. "QUALll'IHû 

NATICK, MASSACHUSETTS »« -äffe™*» ” ^ 



HEADQUARTERS 
QUARTERMASTER RESEARCH & ENGINEERING COMMAND, US ARMY 

Quart ermaster Research & Engineering Center 
Natick, Massachusetts 

ENVIRONMENTAL PROTECTION RESEARCH DIVISION 

Technical Report 
EP-160 

EFFECT OF REDUCED RATION AND METHOD OF LOAD CARRYING ON 

PHYSICAL FITNESS AND ENERGY EXPENDITURE OF SMALL GROUPS OF 

MEN OPERATING ON THE GREENLAND ICECAP 

Marlin B. Kreider, Ph. D. * 

Thomas Dee** °hn A. Vaughan*** 

PHYSIOLOGY BRANCH 

♦Present address: U. S. Army Research Institute of Environmental 
Medicme, Natick, Massachusetts 

♦♦Present address: Test and Evaluation Command, Aberdeen Proving 
Ground, Maryland 

***present address: Civil Aeromedical Research Institute, Federal 
Aviation Agency, Oklahoma City, Oklahoma 

Project Reference 
7x83-01-008 

July 1961 



FOREWORD 

Several features of the Greenland icecap provided an unusual 

laboratory for the study of human performance. It contained a uniform 

surface so necessaiy for a reproducible exercise regimen from day to 

day. Also, it gave very little opportunity to supplement the ration 

from unauthorized sources. 

An additional reason for selecting this site vas its unusual en¬ 

vironment due to the absence of variation in terrain and activity. Man 

does not frequently visit this environment and has been rarely studied 

there. 

Many studies on the effect of inadequate caloric intake on human 

performance have been done in the laboratory, but the laboratory en¬ 

vironment may lack some of the factors vhich influence man's performance 

in a field situation. Moreover, the efficiency of various methods of 

human load carrying had not been measured on this terrain. 

Finally, it should be noted that measurements vere made at the 

same time on food consumption and preferences and on the socio- 

psychological responses of man to these unusual living conditions. 
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ABSTRACT 

Early in the summer of i960 a group of 19 young soldiers were 
transported from Fort Lee, Virginia, to the Greenland icecap where they 

were studied during 2 treks of 10 days each over the icecap. A period 

of training and acclimatization preceded the studies and some measure¬ 

ments were made both before and after each trek. Finally, some 

measurements were also made at sea level after return to Hatick, Mass. 

The subjects hiked 8 miles each day, divided into 2 major groups : 

one living on « full ration, and the other on a ration reduced by about 

of the voluntary caloric intake. Both groups were further sub¬ 

divided according to either of two methods of load carrying; (l) on the 

back and sled, (2) entirely on the sled. The method was alternated for 

each man during the second half of the 10-day period; also the alternate 

ration regimen was used during the second period. The following measure¬ 

ments were made: 

(1) Physical fitness was measured by performance on the Harvard 

step test before and after each experimental period. After 

return to sea level, performance on this test was also com¬ 

pared with performance on the treadmill. In addition, the 

subjects ranked each other by their subjective estimate Of 

fitness. 

(2) A mild step test called the Altitude step test was used to 

compare metabolic and respiratory requirements at the altitude 

of the icecap (7,000 feet) with that of sea level (actually 

165 feet). 

(3) Energy metabolism was measured for extended periods during 

t*» flw-ny trek by a meter located in a face mask; this used 

the principle that the energy metabolism is directly related 

to the respiratory volume. However, afto' return to Natick, 

it was necessary to measure this relationship for each man 

because of individual variation. 

(4) Body weights were measured frequently. 

It was found that a reduction of caloric intake of about 4C$ 

below the voluntary intake and a resultant 4.5$ deurease of body weight 

during 10 days of hard work did not noticeably affect the performance 

on the Harvard step test in spite of the high level of exercise and also 

low motivation. There was, however, subjective evidence of deteriora¬ 

tion in the form of a greater sense of fatigue, a lack of enthusiasm, 

and an increased irritability. Other tests for fitness, the treadmill 

test and subjective evaluation, did not correlate closely with the 

Harvard step test. 

vi 



Even though the energy coot of work on the icecap decreased from 

the beginning to the end of the 10-day experimental period, the reduc¬ 

tion was r.ot greater on the reduced ration than on the full ration on a 

body-weight basis. A load was pulled mor«: easily on sled than carried 

partly on the sled and partly on the back on the type of snow surface 

present in this study. 

At around 7,000 feet there was an increase of &f> of the respira¬ 
tory volume above that at sea level after adjustment to standard 

temperature and pressure. The volume of inspired air during perform¬ 

ance of the mild step test remained higher for at least 12 days after 
return to sea level, but dropped to the lower level by 19 days at sea 
level. There is some evidence of an inverse relationship between the 

volume of inspired air and the scores on the Harvard step test. 

vii 
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EFFECT OF REDUCED RATION AND METHOD OF LOAD CAREnNG ON 

PHYSICAL FITNESS AND ENERGY EXPENDITURE OF SMALL GROUPS OF 

MEN OPERATING ON THE GREENLAND ICECAP 

1. Introduction 

Amies in action and men competing in sports do not look favorably 

upon the delays and hindrances involved in physiological testing. Yet 

field testing is necessary in order to get a more accurate picture of the 

total effect of all the stresses operating on the individual. In the 

field, physiological and psychological factors interact to produce results 

sometimes unpredictable from laboratory tests of single variables. 

Since military groups must be prepared to operate and survive under 

any extreme situation, it was considered necessary to know more about the 

problems of living on the Greenland icecap and the capabilities of small 

groups to move on foot. Moreover, this environment provides good condi¬ 

tions for studying the effects on the soldier's performance a reduced 

ration and of two methods of load carrying. The basic measurable res¬ 

ponses selected for study were: 

a. Physical fi+ness (as measured by a test of endurance and by 

subjective evaluation). 

b. Energy required to perform work. 

c. Total body water. Samples of urine containing deuterium oxide 

were collected in the field; but difficulty was experienced 

in modifying the falling-drop method of analysis for use on 

urine samples, so the results are unknown. No further detail 

will be included in this report. 

d. Body weight. 

Other measurements were made at the same time by a group from the 

Quartermaster Food and Container Institute of Chicago (since moved to 

Latick, Massachusetts) who have published their results separately. 



These measurements include food consumption and preferences* and socio- 

psychological attitudes toward other members of the test group and toward 

the investigator.** 

a. Selecting and Training Test Subjects 

Twenty-eight soldiers from Port Lee, Virginia, were assigned as test 

subjects; of these, nine were judged to be unsuitable for carry! 1:3 cut 
the experimental requirements. The age, height and weight of the remain¬ 

ing 19 men who served as test subjects are given in Table IX in the appen¬ 
dix. Even though the soldiers were taken from a volunteer test subject 

pool, they generally were not eager about this assignment because of the 

pj^eviows experience of some of them in Greenland. As a result, the mo¬ 

tivation and morale of the men was not as high as would have been desirable. 

Physical conditioning and training in camp skills were carried out 

daily at Fort Lee for 2 weeks before the men left for Greenland, The con¬ 

ditioning involved mainly hiking (with or without a heavy rucksack) from 

2 to 6 miles per day except for one 15-mile hike. The subjects were flown 

freta Virginia to Thule, Greenland, where they arrived on July 3, I960. 

Two days later they left on a 6-day "swing" by tractor train for Camp Fist- 

clench, 220 miles inland on the icecap. This camp, completely below the 

surface of the ice, served as the headquarters for the research group when 

they were not out on a 10-day trek across the icecap. In a limited way, 

the facilities at Camp îlstclench were similar to those of most Army camps. 

From July l6th to 20th, training was continued on the icecap and was 

terminated by a snow storm and "vhiteout" which lasted from the 21st to 

25th of July. During the 5 days of training, the subjects wearing snow- 

shoes walked 5 to 10 miles each day on the icecap. They used full equip¬ 

ment and practiced camping techniques and testing methods. This included 

the use of the respiratory masks and the performance of the Harvard step 

test in an abbreviated form. Extensive briefings were given on the objec¬ 

tives and methods of the testing procedures. 

b. The Greenland Environment 

The Greenland icecap is a massive body of ice and snow that covers 

about 85 percent of the entire area of Greenland, leaving land exposed 
only along the coastline. The depth of iee increases with increasing dis¬ 

tances inland from the coast up to a height of 10,000 feet. Where the 

test team operated, the altitude was from 6,000 to 7,000 feet; ibis depth 

is believed to consist entirely of ice. No land is visible under foot 

* Ibod consumption and preferences under conditions of restricted and 

non-restrlcted feeding. AMXFC Rept. No. 40-62, Dec. 62. 

** Hunger in Groups; An Arctic Experiment, QMPCIAF Bept. No. 34-62, 

.. Aug. 62. 
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or on the horizon, and the surface of the ice is veiy level 
in eveiy direction; no vegetation exists and no animal life vill he seen 

except an occasional stray bird. The surface is covered vithout inter¬ 

ruption by white snow. (See Fig. 2,') Wo landmarks are visible except, 

at various intervals, flags marking the caterpillar trail from the 

coast to the camp. Tais setting is continuously illuminatea by sun- 

light for 24 hours a day during July and most of August, except for an 

occasional "whiteout" when the distinction between the icecap and the 

sky becomes blurred. This is a barren and desolate environment which 

is very monotonous for anyone accustomed tc the great variety of ter¬ 

rain and vegetation usually found in a temperaos climate. 

The surface of the snow did not usually support a man wearing 

shoes or boots. The boot would penetrate into the snow from a few 

inches up to 2 feet in depth. Therefore, snowshoes were worn regu- 

larly, they supported the foot within 2 inches of the surface and made 

walking relatively easy. (See Fig. 2,) The snow surface was ideal 

for the sleds and offered relatively little resistance. 

The meteorological conditions of this area during the working 

hours are summarized in Table X in the appendix. The average ambient 

temperature during any morning or afternoon work session ranged from 

11° to 28°F, averaging close to 20°F for the two sessions. Occasion¬ 

ally, temperatures would drop below zero in the early morning hours. 

The average wind velocity for any morning or afternoon session ranged 

from 0.2 to l4.6 mph, with an overall average of 8.1 mph during the 

working hours. There were occasional spells of higher wind velocities. 

c. Experimental Design 

Nineteen men were divided into h groups {¿roups A, B, 0, D, of 
k 5, S, 5 men each) who worked as isolated units sharing with group 

members in the daily work as well as the tent activity at night. 

Two groups were on full rations (4800 Cal) and two on reduced 

rations (2k00 Cal) during the two 10-day experimental periods. The 

type ration for both was the Meal, Combat, Individual. 3he Garrison 

rationr was eaten at all other times and was well prepared and plentiful. 

The subjects were further subdivided so that both groups on each 

ration used a different load-carrying system for the first half of the 

experimental period and then changed to the other system for the second 

half (for the schedule, see Table l). In the second period the rations 

also were reversed. For the sake of the sociological study performed 

by the Aimy Quartermaster Food and Container Institute, 3 team members 

3 



li 

L 

F
i
g
u
r
e
 
2
 

A
 
c
o
m
p
l
e
t
e
 
t
e
a
m
 
o
f
 
f
i
v
e
 
a
c
c
o
m
p
a
n
i
e
d
 b
y
 
a
n
 
i
n
v
e
s
t
i
g
a
t
o
r
.
 

T
h
e
 
l
o
a
d
 
i
s
 
c
a
r
r
i
e
r
 
o
n
 
b
a
c
k
 
a
n
d
 
s
l
e
d
.
 



TABLE I 

INDIVIDUAL RATION AND LOAD CARRYING SCHEDULE 

Period I Period II 

Sub- Load Carrying 

,]ect Group Ration 1st Half 2nd Half 

Sub- Load Carrying 

jeat Group Ration 1st Half 2nd Half 

1 

2 A F S S&B 

4 

1 A 
2 B 
3 B 
4 B 

S S&B 

S&B S 

S&B S 

S&B S 

5 
6 B F S&B S 
7 
8 
9 

5 B 
6 B R 
7 A 
8 A 
9 A 

S&B S 

S&B S 

S S&B 

S S&B 

S S&B 

10 
11 
12 
13 
14 

C R 

10 C 

11 C 
S S&B i2 D 

13 D 
14 D 

F 

5 S&B 

6 S&B 

S&B S 

S&B S 

S&B S 

13 
16 
17 D R S&B S 

18 
19 

15 D 
16 D 
17 C 
18 C 
19 C 

S&B S 

S&B S 

F S S&B 

S S&B 

S S&B 

Ration: F: full ration R: reduced ration 

Load: S: Load carried completely on sled 

S&B: Load divided betveen sled and subject's back 

5 



were exchanged between groups A-ftnd-B - and C-and-B*. Hie loads were car¬ 
ried either entirely on 2 sleds (S ) or divided between packs on the back 
and sleds (S&B). Each sled was pulled by two men while the fifth man (or 
in Group A, the fourth) preceded the others to break trail. Positions 
were rotated severai. times each day. "hen the total load was on the sled, 
the average weight of each sled was 97 kg.; 'when it was on back and sled, 
each sled averaged 56.6 kg and each pack 14.7 kg. Individual values for 
load carried or hauled can be seen in 'fable XI in the appendix. 

Hie two 10-day experimental periods were separated by 7 days of rest, 
and testing at Camp Pistclench. Harvard step tests and Altitude Ste# tests 
(to be described later) were made during the experimental "on trail" period. 
Hie schedule of tests is shown in Table II. 

TABLE II 

SCHEDULE OF TESOS FOP. SECOND PERIOD- 

PRE-TRAIL 
(2 Days) 

j ON-TRAIL 
1 (10 Days) 

POST-TRAIL 
(2 Days) 

Day 1 
HST ALT. 

2 
HST ALT. 

11 2 
iMetabol: 

3 4 6 7 8 c 
ism During Walking (1 9 i 

1 
ALT HST 

2 
ALT HSI 

A.M. XD (9* 
C,D Men.) 

A,D B,C A,D BjC B,C A,D B,C A> A,I 
Men)C,I 

P.M. A,B (9* 
C,D Mm) 

B,C A,D B,C A,D A,D B,C A,D B,C (9* A,B 
Men)C,D 

HST - Harvard Step Test 
ALT - Altitude Step Test 
* Ibr the Altitude step test, 9 men were draw from the 4 groups. 
Note; Pre-and post-trail test schedule was the same for the first 

period. 

On the trail, only one physiological test was made: metabolism (V0 ) 
during hiking. Each men was measured once a day for 2 hours, either in2 
the morning or afternoon. Hie 2 testing hours were divided into alter¬ 
nate periods of 20 minutes of walking: and about 5 minutes of rest (see 
Fig. 3). Readings of the air-flow meter (explained later) were made at 
the beginning and end of each walking period. 

T Group A-and-B may he considered a "team", when compared with 
Group E-and-D; as the second "team". 

6 
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The subjects were instructed to walk, at the same speed; thus the 
slowest team set the pace, except occasionally 'when these instructions 
were not perfectly obeyed. 

Life on the trail was characterized by the exigency of travel on 
foot and nightly camping on the snow surface, plus the interruptions of 
frequent test procedures. Both day and night, the four groups of 4 or 5 
men each were separated by a distance of a few hundred feet and were es¬ 
sentially independent of each other and of the tractor train which moved 
along at a distance from the men. This train served as a laboratory for 
servicing equipment, "s living and working quarters for investigators, and 
er an infirmary for ill or disabled men. 

Tine daily 8 miles of walking on snowshoes was evenly divided between 
morning and afternoon. The halting of the train in the distance at about 
11:15 A.M. and 2:30 P.M. signalled the halfway and terminal points, re¬ 
spectively .for each day. At the halfway point, a trail break of about 
45 minutes was taken vhen the men ate a light noon meal of items from the 
measured ration that required no warming. Windbreaks were hastily con- 
structed from cut blocks of snow. At the tezminal point for each day 
tents were erected, equipment unpacked, latrines 11¾ in the snow, and 
plans made for a long restful evening. Tents were generally erected by 
3:30 P.M. Por a brief schedule of dally activity see Table III. 

TABLE III 

SCHEDULE OF DAILY ACTIVITIES DURING EXPERDENTAL PERIODS ON 
OHE TRAIL 

Reveille 

Morning toilet, hot breakfast 

Break camp, (strike tent, pack equipment on sled, 
fill in latrine, etc.) 

Morning march, 4 miles, Vo¿ measurements 

Rest, cold lunch - psychological measurements 

Afternoon march, 4 miles, Vq^ measuremente 

Make camp (unload sleds, pitch tent, erect stove, 
dig latrine, etc.) 

Rest in tents 

Prepare and eat hot evening meal in tents 

Interviews and questionnaires with psychologists in tent 

Sleep 

0630 Hours 

0630 to 0800 

O80O to 0845 

0845 to 1115 

1115 to 1200 

1200 to 1430 

1430 to 1500 

15OO to 1630 

1630 to I8OO 

I80O to 2100 

2100 Hours 

8 



Adequate protection from cold exposure was provided ly the standar! 
A nay cold-weather clothing. During the tests, food was heated in pressure 
cookers on gasoline-burning Yukon stoves. These stoves were allowed to 
heat the tent until the time of retiring for the night. For sleeping, 
two down-filled sleeping bags on an air mattress were placed directly on 
the snow surface. Rations and gasoline were supplied each day from the 
tractor train. 

2. Description of test methods 

a. Physical fitness tests 

Harvard step test It is 
generally agreed that there is 
no single fully adequate measure 
of physical fitness. However, 
the Harvard step test (l) here¬ 
after referred to as HST, ap¬ 
pears to be more consistent 
with performance than most other 
tests and is probably the one 
most ccramonly used. (See Figu-e 
4.) It was selected for use in 
the present study because of the 
need for a simple method for 
field use. The principle assumes 
that the rate of recovery of the 
heart rate to resting levels 
after a period of strenuous ex¬ 
ercise is directly related to 
the fitness of the body or the 
ability to perforai sustained 
hard exercise. 

Although physical fitness has several 
being measured here and may be defined for 

aspects,, endurance is the one 
our purposes as "the ability to 

do sustained hard exercise of 
the walking or running type." 

Treadmill test However, 
since it had been suggested by 
some workers, whose work is re¬ 
viewed by Astrand (2), that a 
test based on the heart rate 
during, rather than after, ex¬ 
ercise would be a better measure 

f ability to perform hard work, a treadmill test was designed to be used 
pon return to near sea level (l65 ft. ) to compare the levels of fitness 
nong men. This test provided increasing levels of work until a critical 

Figure 4 Perforating the Harvard step 
test in a storeroom in a tunnel built 
into the icecap. 

9 



level of heart rate was reached. It used a constant running speed of 

T mph at a starting vertical grade of zero; this was increased by 0.5 

percent at the end of each minute until the end of the test. Every 2 

minutes the subject stepped off the treadmill for 15 seconds. At this 

time, the pulse rate was counted by palpation of the radial artery for 

10 seconds and then the subject returned immediately to the treadmill. 

When the nuise rate reached l80 or more beats per minute, the subject 

returned to the treadmill for another minute. If the pulse rate re¬ 

mained at this level or was higher at the end of the second minute, the 

test was terminated and the length of time of running was used as the fit~ 

r~ss index. This method of pulse counting is easier to use than a run- 

ni ->3 pulse and rives identical values. The conditions of this treadmill 

test were dictated mostly by the grade limitations of the treadmill. A 

running pace was necessary because the highest grade attainable was only 

ip.q percent which was not enough to bring the heart rate to the cut-off 

point at a walking pace. 

Respiratory volumes as a test of fitness Respiratory volumes for any 

task involving high levels of oxygen consumption are generally found to 

be lower when the individual is at a high level of physical fitness than 

when he is at a low level. 

Respiratory volumes were not measured here for the purpose of studying 

fitness but they were obtained here in the course of other measurements. 

Subjective estimates of teammates' fitness It was felt that subjec¬ 

tive estimates of the endurance and of the ability to survive on the ice¬ 

cap maflp by teammates and investigators would have some value in deter¬ 

mining the fitness of the subject since they were so intimately involved 

with each other in every aspect of work and camp life. 

b. Energy metabolism: advantages and theory of mask-meter methods 

Methods for measuring energy metabolism during work in the field 

usually involve measurements of the volume and concentration of the gases 

of the expired air. These methods have two major disadvantages which 

would have been serious problems in this field study. First, the air 

samples can he collected for only short periods of time because of the 

large volumes involved. Thus, in order to determine energy expenditure 

for long periods of activity, the assumption must he made that the level 

of energy expenditure remains constant. Secondly, the methods are tedious 

and time-consuming and involve the use of special equipment and electri¬ 

city. Therefore, another method was needed. Bre one chosen require.! only 

the use of a face mask containirg a small air-flow meter. The principle 

involved was observed by Boothby in 1915 (3) ®nd used by0Durnin et al. 

and Ford et al. (5) and states that oxygen consumption (Vbg) is rectilinearly 

relcted to respiratory volume under most conditions. Fori studied this 

relationship and expressed it as 

Y * 0.52 + 0.173X 

10 



■where Y = rate of energy expenditure in calories per minute, and X = reite 
of respiration in liters per minute. Another investigator, Sartorelll 

(6), reported a slightly different formula for young adults: 

Y = 0.26 + 0.20te 

It was reported by Dumin that there is considerable individual valida¬ 

tion from these mean formulas due to physiological variability. There¬ 

fore, to accurately determine Vq., or caloric expenditure from the Jnspira¬ 

to ry volume (V-r) it is necessary-to establish the relationship of Vi to 

V- known as the ventilatory equivalent,for each individual. This was 

done in the present study 2 weeks after the field phase was completed and 

the «ubjects had returned to the Natick laboratory. Two slopes on the 

treadmill were selected to produce amounts of exercise comparable to the 

highest aid lowest amounts of exercise required during the daily trek on 

the icecap. The lower level of walking was 3 mph at zero slope, and the 

high was 3.5 mph at 11,4 percent alone. The values are plotted in Fig. 11, 

appendix. 

c. Operation of mask and meter 

The meters of the masks were individually calibrated in order that 

meter readings could be translated to known volumes. This was done by 

placing the meter in the center of a system of instruments connected by 

air hose with a pump on one end which drew air through the meter from a 

spirometer on the other end. The flow was made to pulsate, to imitate 

human breathing. All spirometer volumes were adjusted to STED (standard 

temperature and pressure, dry). The calibration formula for every mask 

is listed in Table XII, appendix. By making trials at various tempera¬ 

tures, it was found that the air temperature did not affect the calibra¬ 

tion factor. The mask is a standard gas mask made to have a broad area 

of contact with the skin along the edges of the mask. (See Fig. 5,) 

The meter consists of a small turbine in a plastic cylinder through 

which holes were drilled tangentially. Upon inspiration air drawn through 

these channels from outside strikes the turbine blades perpendicularly, 

causing them to rotate. The turbine was connected by a shaft to a series 

of clock gears which moved a numbers dial. From this dial (see Fig. 6) 

readings could be made at the beginning and end of a period of measurement. 

A windshield (Fig. 7) was required to prevent the wind blowing frem the 

side or front, from turning the turbine. The expired air was expelled 

through a valve placed low in the mask.: this valve also allowed escape of 

condensed water vapor and saliva. A more detailed description of this 

method is being prepared by Putsch et al. (î). Since this was the first 

field trial, various problems were found in the use of this system. Oc¬ 

casionally ice formed around the turbine. This occurred only when the 

mask was removed after a period of heavy exercise at air +emperatures 

around 0°F or below, and a small amount of water, which had collected in 

11 



Figure 5 Meter and mask for measuring 
cf inspired air 

Figura 6 Oomponents of the 
air meter. A turbine is 
connected to mechanical gears 
which turn the dial 

Figure 7 Air meter showing windshield 
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the maskj had leaked forward through the valve. Fogging of the eye glasses 

•was another problem. Condensation of moisture from the saturated expired 

air was aggravated by the low environmental temperatures. A mask espec¬ 

ially designed for this purpose should not cover the eyes. After 1 to 2 

hours of use the mask sometimes caused discomfort and aching of the face; 

this was relieved only by removal of the mask for a few minutes. 

This meter could not be used for low levels of ventilation. First 

of all, the arrangement of air holes and turbine was designed for higher 

levels of air flow as found when subjects move about; air will leak pact 

the turbine at low respiratory volumes. Tn addition, tige systeç cannot be 

used at low levels of respiration because the ratio of Vo2 and Vj increases. 

The dead air space may he a critical factor. This relationship changes 

at high ventilation volumes. Dumln et al. (4) place the lower and upper 

limits at 15 and 45 l/min, respectively. 

O 

d. Calculating from meter readings and altitude step test 

The turbine of the mask meter responds to the mass of the air and not 

to its volume (7). Therefore, altitude and temperature have no appreciable 

physical effect on the meter readings, and the volume of air obtained by 

using the calibration formula is at standard temperature and pressure (SÏED), 

even though the total volume of air passing through may be altered consid¬ 

erably. However, it was not certain whether the mass of air required by 

the body at 7,000 feet would beuthe sgme as at sea level. If it were dif¬ 

ferent, the curves that relate Vj to Yq deteimined near sea level (Fig. 13., 

appendix ) would not be accurate at 7,000 feet. 

In order to resolve the question and possibly derive an adjustment 

factor, a standard exercise was performed at both sea level and 7,000 feet 

on the ice cap. This exercise (hereafter called "altitude step test") in¬ 

volved stepping on and off a stool 15-1/2 inches high at the rate of 20 
complete gteps per minute for 10 minutes. The assumption was made here 

that the Vo„ and caloric requirement for a standard workload is identical 

at both altitudes; this is supported by the woik of Bahn and Otis (8), 

Schilling et al. (9) and Pugh (lO). To derive an adjustment or "altitude 

factor", the percent change is subtracted from 100 and divided by 100. 

This altitude factor was determined for 9 men only. 

o 

The final formula for the determination of Vo2 at 7,000 feet from a 

respiratory mass flow meter is: 

Mask meter reading 

(mass of air in 1 

meter units) 

Mask calibration 

formula (Table 

XII appendix) 

Altitude Kespiratory vol- 

X factor = ume required todo 

équivalent vrtrk at 
sea leve3 (l/min) 

o o . 
This respiratory volume can then he found on the Yj vs Vq^ chart (Fig. 11 
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appendix) previously detennined for each subject and the equivalent VQg can 
be read directly from this chart. 

Calculations can be made for separate comparisons of the volumes of air 
breathed at the two altitudes. 

3. Results .-. 

a. Effect of rations on body weight 

There was a reduction of body weight for men on both the full and re¬ 
duced ration (Fig 3). This suggests that caloric inuahe was inadequate. 
On the full ration, which allowed up to 4800 calories per man for each 
24-hour period, only 36l4 calories were eaten by Groups A-and-B and »150 
calories by Groups C-and-D. For individual food consumption, see Table XIII. 
appendix. 

Full ration Bx!y weights fell an average of 1.6 kg in Period land 1;8 kg 
in the second period on the full ration; they decreased most rapidly at the 
beginning of the period and levelled off in the latter part (Fig. o). It 
might be reasonable to expect that upon changç from a luxus diet of garrison 
rations to a field ration which almost invariably has a poorer taste quality, 
there would be an initial decrease in food intake. This frequently happens 
after initiation of new dietary regimens. The items most commonly discarded 
were tuna and noodles, turkey loaf, beef steak, ham and potatoes and coffee. 
Another cause of weight loss could be a decrease in total body water. This 
is not uncommon in field situations ir the cold where drinking water often 
freezes and where overheating of the body frequently occurs during exercise. 
Unfortunately, total body water measurements will not be available, as ex¬ 
plained earlier. The difference in voluntary food consumption between the 
two groups (A-and-B and C-and-D) may be related to the difference of 2.8 kg 
in body weight between the two groups at the beginning of each period. 

Reduced ration On the reduced ration where 2400 calories per day were 
available, an average of 2328 calories in the first period and 2350 calories 
in the second were consumed. The difference was due to the cream and sugar 
not used in the coffee of some subjects. This represented a reduction of 
43.y percent and 34.8 percent below the voluntary food intake for Group 
C-and-D and for Group A-and-B, respectively. As a result of the reduced 
rations, body weights decreased 2.7 kg for one "team", and 3-8 ^16 
other, which is a mean 4.5 percent decrease. It should be noted that al¬ 
though the percent reduction of caloric intake (43.9?) vas larger for 
Group C-and-D, the mean body weight dropped less (3.7 kg) for these groups 
than for Group A-and-B. 

b. Effect of reduced rations on endurance and performance 

Physical endurance of those on both rations improved during the 10-day 
experimental periods (see Table IV,- for individual values see Table XIV,, 
appendix). 
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Figure 8 Comparison of body weights by type of ration during the treks on 
the icecap. 
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ÎABLE IV 

MEAM HARVARD S'EEP TEST SCORES AMD BODY WEIGHTS BEFORE 

AMD AFTER EACH 10-DAY EXPERIMENTAI PERIOD 

Harvard. Step Test Score 

RATION Before After 

Body Weight (kg) 

Before After 

1st Period 

FILL 8l 94 +16 ■70.90 68.95 -2.P 

REDUCED 78 92 +17-9 72.53 69.84 -3-7 

2nd Period 

TOLL 84 89 +6 73-3 71.53 -2.4 

REDUCED 86 93 +8 7I.O9 67.30 -5-3 

The reduced ration apparently had no bad effect on endurance. This can be 

seen by a comparison of the Harvard step test (HST) scores. In the first 

experimental period, the scores increased l6 and 17«9 percent on the full 
and reduced ration, respectively, vhile in the second experimental period, 

the increase was 6 and 8 percent. Thus, within each period,regardless of 

ration, the values were very similar. 

Since, by the end of the experimental period, body weight had de¬ 

creased more on the reduced ration than on the full ration, uhe total en¬ 

ergy expended and the total work performed on the HST were also less for 

those on the reduced ration. As a result of this decreased demand on the 

body when performing the test, it might be expected that the HST score 

would be improved on the reduced ration. Since this is not apparent from 

the net results, it is possible that the reduced ration had some deteriòr- 

ating effèct oh endurance which wat masked by'Jhh beneficial effect of the 

weight loss t. Even though the HST indicated that the ability to perform 

strenuous exercise had not changed, subjective observations of perform¬ 

ance during the period suggest that the subjects tired more rapidly, felt 

weaker, were more irritable and had less enthusiasm than when on the full 

ration:. 

Comparison of two periods From Table TV we can also see that there 

was deterioration of the HST score during the week of rest between the two 

periods (94 to 84 for those previously on full ration; 92 to 86 for those 
previously on a reduced ration). However, the scores remained above the 

values at the beginning of the first period in spite of the greater body 
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TABIÆ IV 

MEM HARVARD STEP TEST SCORES AMD BODY WEIGHTS BEFORE 

MD AFTER EACH 10-DAY EXPERIMENTAL PERIOD 

Harvard. Step Test Score 

RATIOM Before After Í& 
Body Weight (kg) 

Before After 

FULL 

REDUCED 

FULL 

REDUCED 

1st Period 

8l 94 +16 TO.50 

78 92 +17-9 72.53 

2nd Period 

84 89 +6 73-3 

86 93 +8 71.09 

68.95 -2.2 

69.84 -3.7 

71.53 -2.4 

67.30 -5-3 

The reduced ration apparently had no had effect on endurance. This can he 

seer, by a comparison of the Harvard step test (HST) scores. In the first 

experimental period, the scores increased l6 and 17-9 percent on the full 
and reduced ration, respectively, vhile in the second experimental period, 

the increase was 6 and 8 percent. Thus, within each period,regardless of 

ration, the values were very similar. 

Since, hy the end of the experimental period, body weight had de¬ 

creased more on the reduced ration than on the full ration, the total en¬ 

ergy expended and the total work performed on the HST were also less for 

those on the reduced ration. As a result of this decreased demand on the 

body when performing the test, it might be expected that the HST score 

would be improved on the reduced ration. Since this is not apparent from 

the net results, it is possible that the reduced ration had some deteriòr- 

ating effect oh endurance which vafe masked by'$he beneficial effect of the 

weight löse». Even though the HST indicated that the ability to perform 
strenuous exercise had not changed, subjective observations of perform¬ 

ance during the period suggest that the subjects tired more rapidly, felt 

weaker, were more irritable and had less enthusiasm than when on the full 

ration;. 

Comparison of two periods From Table IV we can also see that there 

was deterioration of the HST score during the week of rest between the two 

periods (94 to 84 for those previously on full ration; 92 to 86 for those 
previously on a reduced ration). However, the scores remained above the 

values at the beginning of the first period in spite of the greater body 
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weights (average of 0.7 leg) at the heginning of the second period. 

HST scores during the second period did not increase as much as during 
the first period, while body weights decreased more than during the first 
period in spite of greater caloric intake. One can only speculate what 
this means. Certainly if trail skills were improving so that less work was 
being done and as a result less training being effected, then less energy 
would be expended and body weights would remain higher rather than lower 
than in the'previous period. Another possible reason for the smaller in¬ 
crease. in EST during the second period than during the first .period, is 
that there is deterioration in the efficiency of physiological mechanismb 
due to inadequate recovery from the previous period. 

Individual variations There was individual variation in the response 
to exercise. Two men (man 2 and l6) showed very little change in the HST 
score during the two periods, while two (man 10 and 17) showed lower scores 
during the second period. These last two men were the same who also ap¬ 
peared to do the Igast work on the trail; this observation was also confirmed 
by their level of V02/kg of body weight. 

c. Comparison of Harvard step test (HST) with treadmill scores and both 
with estimates ¿'f pèrformarice. 

Because of the criticism sometimes directed at the HST, the subjects 
were tested on a treadmill test when they returned to Natick. A comparison 
of scores of the treadmill test with those of the HST at the end of the ex¬ 
perimental period for all individuals is given in Table V. 

TABLE V 

FITNESS TESTS AND SUBJECTIVE EVALUATIONS COMPARED 
COEFFICIENT OF CORRELATION 

Relationship 

Harvard step test vs treadmill test 
Harvard step test vs investigator evaluation of endurance 
Harvard step test vs subject evaluation of endurance 

BY SHEARMAN'S 

Teams 
A-&-B C-&-D 
"7Ï85 .575 

.570 .817* 
-.367 .250 

Treadmill test vs investigator evaluation of endurance 
Treadmill test vs subject evaluation of endurance 

.3½ .267 

.332 .1½ 

Investigator evaluation of endurance vs subject evaluation 
of endurance 

Investigator evaluation of endurance vs subject evaluation 
of ability to survive on " ce 

Subject evaluation of ability to survive on icecap vs 
subject evaluation of endurance 

Subject evaluation of ability to survive on icecap vs 
Harvard step test 

Subject evaluation of ability to survive on icecap vs 
treadmill test 

.26k .550 

.533 .840* 

.173 .738 

.46l .388 

.542 .138 

* Relationships showing the highest correlation 
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These tests are not highly correlated. The question that naturally 

follows is, "Which of the two tests is a better measure of the relative 

physical fitness?" Since there is no absolute test of ability to perform 

work, short of working to exhaustion, this question is hard to answer. 

However, an attempt was made by comparing each of these physical-fitness 

tests with subjective estimates of ability to perform (endurance) on the 

icecap. The subjects ranked their team-members' strength and endurance as 

judged by their performance on the trail and signs of fatigue at tne end^ 

of the day. The inrestigators made similar rankings (Table XV, appendix). 

The rankings were made in two "teams" because members of Groups A—and^B 

had not worked with members of Groups C-and-D in either experimental period. 

In Table V it can be seen from Spearman's coefficient of correlation 

that the rankings by the test subjects were not similar to the rankings by 

the investigator. Moreover, neither test of physical fitness was closely 

correlated with either subjective ranking except in one case: HST versus 

investigator’s ranking for team C-and-D* It should he noted thab even this 

higher correlation may have been conditioned by the investigator's previous 

knowledge of some of the high and low scores on the HST. Therefore,^little 

can be said about the relative merits of the two tests of physical fitness 

from the subjective evaluation. 

In addition, the subjects ranked each other on their ability to survive 

by themselves on the icecap. Here, also, a low correlation was found with 

both the rankings of performance on the HST and treadmill test and also with 

their rankings of each other of actual physical endurance. Biis suggests 

that the subjects consider factors other than physical endurance important 

for their performance 

d. Metabolism during work - effect of ration and load-carrying method 

In Fig. 9a, oxygen consumption (Vqo) is plotted separately for men on 

the two rations (full and reduced) during the second period of sled pulling 

and pack carrying on the icecap. (Values during the first period were not 

obtained because of need for modifying the mask ) 

Rations Vn of the men on both rations decreased as the period pro- 

gressed"but-dropped lower for the men on -fche reduced ration. Since body- 

weights also decreased, this decrease in Vo2 should be expected. However, 

when plotted on a bod^-weight basis, there was still a statlstically-sig- 

nifleant decrease of V02 from beginning to end of the period (Fig. 9b), 

but the difference between those on different rations disappeared. 

Load-carrying The effect of the load-carrying method on energy ex- 

penditure can be seen in Figure 10. Analysis of variance using all sub¬ 

jects shows a significant difference at the 1 percent level between the 

methods of load carrying. Greater energy expenditure is required when the 

load is carried on the back and sled than when it is totally on the sled. 
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Figure 9 Oxygen consumption (VQ ) during the daily trek in the second 

10-day period. 1. Total in cc per Minute. B. VQ^ 
per kilogram of body weight. 
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Tills difference, however, is not as obvious for Groups C-and-D which were 
on the full ration. 

O 

Although the general trend of Vo2 is downward, as the period of the 
trek continues, there is considerable individual variation (Fig. 12,appen¬ 
dix). For the 2 groups, B-and-C, there is, in general, an increase of 
Vo2 on the 3rd day; groups A, C-and-D and some members of Group B show an 
increase on the 8th day. These changes cannot be correlatedowlth any known 
experimental variables. There are day-to-day variations of VQg which appear 
to be related to the time of day. About 62 percent of all afternoon values 
were higher than the corresponding morning values. Other diurnal fluctua¬ 
tions may have been hidden by the general downward trend and the special 
increases on the 3rd and 8th days. 

e. Altitude factor (mass of inspired air) 

In Table VI it can be seen that the mass of air inspired while perform¬ 
ing the altitude step test was not significantly different for the group 
12 to 13 days after return from 7,000 feet to seg level. Since it was during 
this time at sea level that the relationship of Vj to Vqq was determined, it 
became unnecessary to develop an altitude factor to adjust for any dif¬ 
ference in respiration. This fact was not known at the beginning of the study. 

TABLE VI 

MASS OF INSPIBED AIR AT 7,000 FEET AMD NEAR SEA LEVEL (165 FEET) 
(While performing altitude step test) 

SUBJECT t AT 7,000 FT. (On icecap) 
_f Before 2nd trek j After 2nd trek 

38th Day 39tb Day i50th Day 51st Day 

2 
6 
7 
8 
10 
12 
13 
16 
18 

151.O 164.5 
102.0 93-0 
123.5 126.5 
132.0 134.0 
124.0 146.0 

103.0 95.0 
145.5 146.0 
133.O 136.0 

163.O 162.5 
103.5 102.5 
137.O 122.5 
121.0 126.5 
143.0 137.5 
191.5 208.O 
98.0 98.5 

173.5 I6O.O 
150.5 146.0 

„ ‘ After return to I65 ft. 
12th Day 19th Day 

I7I.O 149.5 
105.5 93.0 
132.5 120.0 
I58.O I33.O 
II7.O IO7.O 
201.0 I8I.O 
100.5 9I.O 
I6I.O l40.0 
I58.O 163.5 

f. Inspired volume of air (Vj) on the icecap (7,000 ft.) and at Natick 
(165 ft.)! ' ...«WM»».-. 

Hie mass of air inspired on the icecap was the same as that inspired at 
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Natick, .n to at least 12 days after the return to Natick. Yet the actual, 
volume of sir inspired (i.e., air not adjusted to STPD conditions) was 
different, <?s would he expected. This was mostly because of the decrease 
of atmospheric pressure at the higher altitude. However, by the 19th day 
after return to Natick, the volume of inspired air had dropped lower so 
that the increase of inspired air on the icecap was 35 percent ±^28.2* 
of the sea level value (see Table VII). This is 8 percent ± 11.o* more 
than would be expected when the actual masses are compared (see Table VI). 
This is the same as adjusting the volume to STFD conditions. 

TABLE VII 

WLUI-E OF INSPIRED AIR (BTPS )' (liters/mló) AT 7,000 IT. AND NEAR SEA 
LEVEL (165 FT.) (While performing altitude step test») 

Subject 

2 
6 
7 
8 
10 
12 
13 
16 
18 

At 7,000 Ft. (on icecap) 

50th Day gist Day 

62.76 63.95 
45.51 44.57 
54.36 49.44 
47.37 49.39 
57.78 55.91 
78.22 83.52 
42.41 42.49 
66.56 61.42 
51.70 50.42 

After return to 165 Ft. 
12th Day 19th Day 

51.45 46.20 
31.79 32.44 
42.04 38.79 
45.81 39-94 
38.90 36.46 
64.80 59-36 
34.42 32.08 
42.97 43.32 
42.85 44.44 

g. Respiratory volumes and physical fitness 

As suggested earlier, the respiratory volume may be related to the 
level of physical fitness. Three sets of respiratory volumes were measured 
in this study: 

1. Respiratory volumes during the altitude step test both at Natick 
and high on the icecap (9 men). 

2. Respiratory voluçes during the treadmill test used for determin¬ 
ing individual curves of Vj vs ^ men). 

3. Respiratory volumes during the regular daily walk on the icecap 
(19 men). (These values, however, were not used in the physical fitness 
comparison because some men regularly did more work than others on the 
trail.) 

* This value vas determined from S.D. of the actual observations (not 
percent) and then converted to percent. 
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When rankings of the first 2 sets of respiratory volumes were com¬ 
pared with rankings of tt 3 scores of the HST for each man at the end of 
the second period, there was no significant correlation (Table XV and 

Table VIII ). 

TABLE VIII 

RANKING OF SUBJECTS BY RESPIRATORY VOLUME DURING PERFORMANCE OF ALTITUDE 
STEP TEST AND BY SCORES ON THE HARVARD STEP AND TREADMILL TESTS 

Subject 
No. 

2 
6 
7 
8 
10 
12 
13 
16 
l8 

Respiratory Volume 
During Altitude 

Step Test_ 

At On 
Natick Icecap 

8 8 
3 ? 4 4 
5 2 
2 6 
9 9 
1 1 
6 7 
7 5 

Scores on 
Harvard 
Step Test 

8 
2 
3 
6 
9 
6 
1 
5 
4 

Scores on 
Treadmill 
Fitness Test 

9 
2 
7 
$ 
3 
5 
1 
8 
4 

However, it Was noted that of the 9 men taking the altitude step 
test, the 3 men who had the lowest respiratory volumes (lowest rank num¬ 
ber) scores of "excellent" (scores about 90) on the HST (i.e., an in¬ 
verse relationship). Also, on the altitude step test, the respiratory 
volumes were not significantly correlated with the scores on the treadmill 
test. Because of considerable variation in respiratory volume among in¬ 
dividuals, it might be expected that this relationship would apply more 
to a horizontal than to a vertical population study. 

4. Discussion 

a. Relation of food consumption to body weight 

When caloric expenditure exceeds caloric intake, body weight decreases 
through the substitution of stored fat and body protein fbr the deficient 
calories. The decrease of body weight on 2400 calories in this study was 
therefore inevitable but was not expected on the "full" or 4800 calorie 
ration. 3he possible causes of this decrease when on the full ration 

are: 
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1. Ihe new ration was less tasty, so less food was eaten. 
2. Compensation for the sudden increase in the level of caloric 

expenditure may not be immediate when it is dependent on voluntary food 
consumption. 

3. ïhe water intake may have been inadequate. In the present 
study, water was less accessible than under most conditions, as is usual 
during work in cold climates, and water loss through sweating was high, 
so the water Intake may have been inadequate. Unfortunately, difficulties 
with BoO analysis prevented the determination of body water content. 

After 4 to 5 days, caloric equilibrium was attained, as evidenced by 
body weight becoming stabilized. This was effected partly by an increase 
of voluntary food intake in the „.latter part of the period (Table SXtagpfci» 
Air.) and ulso by a decrease in Vog during work on the trail (Fig. 9)- It 
is significant that body weight curves (see Fig. 8) are similar in slope 
for the two groups on the full ration; this may attest to the similarity 
of the experimental conditions for both periods, as well as the genuineness 
of the body weight changes. However, this similarity of body weights 
among groups did not exist during the reduced ration periods and the 
reason for this remains obscure. 

Frequently an attempt is made to determine the caloric equivalent 
of the weight loas. This can be done most accurately only when changes in 
"body water, fat and lean body masa (protein) have been measured. The per¬ 
cent of weight loss due to changes in each of these factors seems to vary 
with, «■■r.ng other things, the length and severity of the caloric deficiency 
in the diet. This range goes from 25, 70 and 5 percent for fat, water, and 
protein, respectively, in the first 3 days on a diet reduced by one-third, 
to 85, 0 and 15 percent, respectively, for the 22nd to 24th days of the 
same diet (ll). If the assumption is made that the first group of per¬ 
centages given above most properly represents the proportion of components 
lost in the present study (since the total body weight losses were simi¬ 
lar) then the actual level of caloric intake required (for our subjects) 
would be 3876 and 41)64 Cal. for the two groups. This level compares favor¬ 
ably with the previous levels reported by us for men in an arctic-like sit¬ 
uation (12). Others (13-17) who used accurate weighings of the food served 
and discarded, reported levels slightly lower than those of the present 
study; this may be reasonable to expect because of our high level of ac¬ 
tivity and above-average body weights. This level is above the level 
3780 Cal/man/day suggested for heavy activity for an adult man in Canada 
and the United Kingdom and the 3430 Cal/man/day for "normal vigorous 
living in a temperate climate" (l8). 

t). Test evaluating physical fitness after reduced rations 

Precisely-controlled laboratory studies (ll) have shown that consid¬ 
erable caloric restriction could be tolerated for long periods without 
effecting a decrease in physical fitness acores as measured by running to 
exhaustion on the treadmill and by maximum oxygen uptake teats. Two series 
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were nm by this group. In the first series men consumed an all CHO 
diet of 530 eal/man/day, 19 percent of their actual caloric expenditure, 
for 12 days. Body weight decreased an average of 5*9 kg (about 13 lbs), 
which was 7.7 percent of the beginning body weight. In the second series, 
1010 cal/man/day were consumed for 2k days. Bris intake was 33 percent 
of the actual caloric expenditure and body weight dropped 7.58 kg (about 
17 lbs), which was 11 percent of the beginning body weight. The authors 
concluded from these and other studies that the level of body weight loss 
at which deterioration of ability to perform strenuous physical activity 
becomes noticeable is between 10 and l6 percent. 

In other studies, Byrne (19), using USAF survival rations, found no 
de+erioration in the HST scores during a 10-day period of moderate work 
on a caloric intake of either 45 or 17 percent of normal. However, the 
wide range of physical fitness changes in this study is hard to understand. 
Vaughan (20) reported considerable deterioration of fitness on a caloric 
intake of 25 percent of normal for 5 days, but this was believed to be due 
largely to the all-pemmican diet used. 

These studies are excellent. However, one might wonder whether de¬ 
terioration of physical fitness may set in at smaller caloric restrictions 
when: (l) the activity level is higher, and (2) during a field situation 
where multiple factors bear on the subject, including the important moti¬ 
vational factor. In the present study, physical activity was high and 
motivation was low; the low motivation was due to dislike for camping and 
regimentation, the inconveniences and restrictions of arctic living and 
the lack of variety in both the terrain and activity, nevertheless, there 
was no deterioration of physical fitness during 10 days on a caloric in¬ 
take reduced by about 40 percent of the voluntary intake. However, since 
only one level of caloric restriction was used in this study (2400 cal), 
the possibility still exists that these factors mentioned above may pro¬ 
duce a deterioration of performance but only under more severe caloric re¬ 
strictions . 

Although the Harvard step test was used here as an index of physical 
fitness, it is not a fully adequate test. In fact, quantitative assess¬ 
ment of physical fitness is one of the most complex and controversial pro¬ 
blems in applied physiology. This is due in part to the lack of general 
agreement on what constitutes fitness for withstanding various types of 
stress and in part from lack of agreement on what measurements allow valid 
comparisons to be made among individuals exposed to the same stress (2l). 
In many cases, physical fitness refers to the capacity for prolonged heavy 
work. It is generally agreed that the fitness of the respiratory and cir¬ 
culatory systems are primarily involved. Since the heart rate is the 
easiest, most-meaningful heart function to measure, it has been used most 
frequently and is the basis of scoring in the Harvard step test. This 
test conpares the rate of decrease of the heart rate after a standard ex¬ 
ercise. However, considerable variation exists in the rate of decrease 
among individuals who are apparently at a similar level of fitness. As a 
result, the heart rate during, rather than following, exercise is oelng 
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proposed as a better measure of fitness (2). Ibis is the basis of the 
treadmill test used in the present study. Even this test does not com- 
pîeteïÿTliminate the variability among individuals of apparently similar 
levels of fitness. It is considered, therefore, that these tests are 
better for comparing changes in the levels of fitness in the samglndivi- 
dual rather them individuals» One of the problems in measuring i 
ness is the absence of any absolute criteria short of exercising to ex¬ 

haustion . 

In view of the above, it vas thought that assessments of fitness^ 
might be made by one's co-voricers vho were constantly present du^sg «he 
periods of hard'work and isst; this would give an integrated picture of 
the levels of strength and fatigue that would more nearly approximate the 
absolute or real level of fitness. Even though one cannot be certain of 
the value of this subjective test, it was thought that a close correlation 
with a known test of fitness would confer a degree of validity to either 
test Thus the lack of correlation of the subjective ratings to either 
exercise test (as shown in Table V) prevents any conclusion concerning anjr 
of these tests of fitness except that they are not measuring the same phe¬ 
nomenon. This difficulty emphasizes the inadequacy of the currently avail¬ 
able tests of physical fitness. 

c. Metabolism during work 

Effect of ration Oxygen consumption was found to be lower on the 
reduced ration than on the full ration. This is probably due to a de¬ 
crease in body weight, for, when oxygen consumption was calculated per 
body weight, no difference was found between these on the full or on the 
reduced ration. This means that the levei of food reduction was not 
severe enough to produce the decrease of Vog/Eg tody weight ccomonly as¬ 

sociated with starvation. 

Effect of load-carrying method The effect of the method of load- 
nn energy expenditure is equivocal. However, it would appear 

that it is mors economical of energy, in general, for a man to pull a load 
on a sled than to cany it on his back when he is moving over a smooth and 

level snov surface. 

Decrease in oxygen consumption; possible explanations The reason for 
the decrease in oxygen consumption per body weight on both idets from the 
beginning to the end of the trail period remains obscure. Possibly it re¬ 
sults from a reduction of extraneous movements during exercise due to im¬ 
provement in the skill of vaUcing on snowshoes. 

This possibility was also suggested under the "Bestilts11 section of 
this report to be the reason that the scores on the HST did not rise an 
much in the second as in the first period. However, it would seem that 
the previous 10-day experimental period, plus the timining pwrlod of ^ to^ 
5 days would have developed trail skills before the beginning of this period. 
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It does not seem probable that variations in the speed of movement on the 
trail would account for the decrease of Vo2 at the end of the 10-day trek, 
Even though this speed vas not controlled precisely, the time of walking 
and the distance covered each day were roughly the same. A part of the 
decrease in oxygen consumption in groups B and D may be due to the change 
in the load-carrying method from back and sled to only sled in the middle 
of the period, but it does not account for the decrease in groups A and C 
as veil. 

One might vender vhether a progressive acclimatiaution to altitude 
might have altered the respiratory volume, thereby appearing to produce 
a decrease in %2. rut again it might be expected that the previous 26 
days at this altitude, including a similar 10-day trek, vould have pro¬ 
duced an acclimatization at an earlier date. Ihis idea vas supported hy 
an examination of the data from the altitude step ■'est taken before and 
after this second experimental period (Table VI). On this standardized ex¬ 
ercise,there vas not a decrease, but instead a small non-significant in¬ 
crease in respiratory volume during this period. 

The reason for the oxygen consumption being higher in the morning 
than in the afternoon may be explained in part by the specific dynamic 
effect of the noon meal vhich closely preceded the afternoon activity 
and by the basic tendency of metabolism to rise as the day progresses (22). 

There may be some question concerning the validity of the lovest 
values in Figure 12 in the appendix because the volumes of air inspired 
vere close to the lover limit of accuracy suggested for this method (4). 
It vas also surprising to observe a few values similar to those of men 
■walking at 2 mph on a hard surface. One might not have expected levels 
of energy expenditure this low. 

d. Altitude factor and respiratory volume at 7,000 ft. 

Since there was little change in the mass of the respired gases from 
the values obtained on the icecap during tlje early days of return to 
Natick, at vhich tine the ratios of Vi to Vo2 were determined, no ad¬ 
justment for altitude, i.e., no altitude factor was necessary. However, 
between the time of the last measurements on the icecap and at Natick, 
mean body weight was increased by 3-29 kg. A weight increase would be 
expected to increase the respiratory cost of exercise. Therefore, the 
possibility exists that there was a slight decrease in respiratory volume 
due to the change in altitude vhich vas hidden by the effect of increased 
body weights. But there ip general agreement (23-26) that the respiratory 
volume which increases at a higher altitude remains high for a period after 
return to sea level. The length of time required for the reduction of 
respiratory volume to previous sea level values varies frem one study to 
another, as do also the experimental conditions, but a period of as long 
as 2 weeks has been reported by Stickney (23) and Schilling (25). The 

27 



physiological basis for the increase of respiration at a higher altitude 

and after return to sea level is discussed by Houston (26) and involves a 

decrease of the CO2 buffer of the blood at the higher altitude vith a 
slow return to normal at sea level. However* Pu¿ii (10) ^ study of 

one man returning from Mt«, Everest found an almost immediate return of 

respiration to the control level upon return of the man to 10,000 feet 

from 25.000 feet and above. He feels that this may be due to a rapid ad¬ 

justment reamed by the body during frequent changes of a fev thousand 

feet in altitude frequently required in moving from one camp to another 

in the exigency of supplying the advance camps and then escaping +he 

strain of remaining at a very high altitude by returning to a camp at a 

lower level. 

In the present study, by the l8th and 19th days at sea level, res¬ 
piratory mass had decreased from the high level required on the icecap. 

If ve assume the values found on the l8th and 19th days to be the true 
sea level values, ve find that the difference in respiration between 

these values and those on the icecap cannot be explained completely by 

the adjustment of the volume to STFD but that an additional 6 percent is 
required at 7,000 feet. If the respiratory mass measured on the 18th and 

19th days is not the final sea level value, then the increase would be 
even greater than 6 percent. The presence of this increase means, in 

effect, that respiratory volume is not independent of altitude. Schneider 

and Clark (27) had already reported this in I926 and were followed by- 
Houston and Riley (26) in 19^7; the latter study used four subjects in an 
altitude chamber with progressively lower ambient pressures for 31 

Bahn and Otis (8) also confirmed this principle. However, recently (1957) 

Pugh (10) stated that one climber who was studied both on Mt. Everest and 

before and after the ascent showed no effect of altitude on respiratory 

mass and Pugh concluded that this is the norm. Possibly part of this dif¬ 

ference involves the use of both altitude-acclimatized and altitude-unac- 

climatized men. 

5. Summary and Conclusion 

In spite of the high level of exercise and low motivation, the ability 

to perform physical work as measured by the Harvard step test was not 

noticeably affected by a reduction of caloric intake of almost 40 percent 

below the voluntary intake and a resultant 4.5 percent decrease of body 

weight during 10 days of hard work. However, because of the limitations 

of the Harvard step test, it cannot be stated with absolute certainty 

that no deterioration in ability to perform physical work occurred. 

Itesuits of other tests of fitness, the treadmill test and subjective 

evaluation by team co-members and investigators, did not validate the Har¬ 

vard step test nor could they replace it. At the same time, subjective 

evidence of deterioration was apparent: a greater sense of fatigue, a lack 

of enthusiasm and an increased irritability. 
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Even though the energy cost of work on the icecap decreased from the 
beginning to the end of the 10-day work period on a body-weight basis, 
the reduction was not greater on the reduced ration than oh the full 
ration. A load was pulled more easily when conqoletely on a sled than 
when carried partly on the back, partly on the sled,in the type of snow 
surface present in this study. 

The new method of determining energy expenditure used here was 
practical for field use but necessitated added laboratory work in order 
to find the relationship of oxygen consumption to the volume of inspired 
air for each individual. Because of the uncertainty of the respiratory 
effect of altitude on this relationship, a special altitude step test was 
performed in which it was learned that the volume of inspired air at the 
height of the icecap (almost 7,000 feet) was 8 percent above the sea- 
level volume even after adjustment to standard temperature and pressure. 
The volume of inspired air was 35 percent higher at 7,000 feet and re¬ 
mained higher for at least 12 days after return to sea level but had 
dropped to the lower level by 19 days at sea level. There was some evi¬ 
dence of an inverse relationship between the volume of inspired air and 
the scores on the Harvard step test. 
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APPENDIX 

SUPPLEMENTARY TABLES AND uRAPHS 

Page 

Physical characteristics of test subjects (Table IX) 3^ 

Weather conditions during experimental periods 35 
on the trail (Table X) 

Relation of Vqo to VB for each individual for 36 
Group A, B, C, and D (Pig 11) 

Weight of load carried on back and distributed between 37 
back and sled for each individual (Table XI) 

Fonnula for converting mask units (mass) into liters of 37 
air per minute (Table XII) 

vood consumption for each individual during Period I and 38 
Period II (Table XIII) 

Individual Harvard step test scores before and after 40 
each experimental period (Table XIV) 

Ranking of subjects by tests and by subjective estimates 4l 
of physical fitness and estimates of ability to 
perform alone on the icecap ^ Table XV) 

Vqo values *\jr each -< ndividual for Groups A, B, C, D b2 
(Fig 12) 
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TABLE IX 

PHYSICAL CHARACTERISTICS OF THE 19 TEST SUBJECTS 
AT THE BEGINNING OF THE STUDY 

Subject_Height_Weight_Age 

(Name) (Cm)(kg) (Years) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
Ik 
15 
16 
17 
18 
19 

167.6 
167.6 
175.3 

167.6 
177.8 
177.8 
182.9 
170.2 
177.8 
182.9 
180.3 
182.9 
182.9 
170.2 
172.7 

180.3 
182.9 
185.¼ 
182.9 

63.OO 20 
68.92 18 
66.36 19 
65.O7 22 
80.26 20 
62.24 20 
75.47 23 
68.56 18 
86.39 23 
72.14 23 
77.46 23 
86.08 20 
63.54 20 
64.47 20 
81.36 23 
69.27 23 
83.23 20 
64.34 24 

_iâ 

Mean 177.3 71-76 ,21 
Range (167.6 - 185.4) (62.24 - 86.39) (l8 - 24) 
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HABLE X 

MEAN WEAÏÏÏER CORDTTIONS DURING EXPERIMENTAL PERIODS ON THE TRAIL 

Day Air Temperature Wind Velocity General Wind Barometric Pressure 
(AM) (PM) (AM) (PM) Direction (AM)_(I’M) 

(“p) (mph) (Tim Hg) 

Period I 

1 - 24.2 
5 15.8 iy.> 
3 17.5 20.3 
4 12.8 17.5 
5 16.O 20.8 
6 20.8 26.0 
7 22.8 24.0 
8 24.8 27.8 
9 19.2 22.7 

10 21.2 27.5 

Mean 19.0 23.0 

7.3 10.0 NW 
NW 

12.3 8.4 N 
9.3 8.2 W 

14.3 14.6 WNW 
9.7 12.2 WNW 

12.7 8.8 WNW 
W 

12.0 10.0 NNW 
WNW 

11.1 10.3 

594 594 
594 595 
601 602 
602 604 
606 605 
605 6o4 
603 601 
598 597 
599 600 

600 600 

1 14.5 22.7 
2 I8.8 23.8 
3 I7.5 I9.8 
4 14.8 21.8 
5 20.0 24.8 
6 19.O 27.2 
7 22.8 23.2 
8 20.8 21.3 
9 11.5 17.O 
10 13.0 18.2 

Mean 17.3 22.0 

Period II 

6.3 5.8 WNW 
7.O - WNW 
2.0 0.2 W 
8.7 7.0 WNW 

14.0 - NW 
10.0 1.4 WNW 

NNW 
5.3 - WNW 

3.0 W 
NNW 

7-8 3.5 

594 596 
598 599 
599 599 
598 598 
601 600 
598 597 
597 594 
591 590 
590 590 

596 596 
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Group C Oro«? D 

Figure 11 Ratio of respiratory volume (Vj) to oxygen consumption (Vq.) 
determined for each nan during two levels of exercise on tire 
treadmill. The number on the curve identifies the subject. 
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[CABLE XI 

WEIGHT OF LOADS (Kg) CABBIED ON SLED OR ON BACK AND SLED 

Group Subject 

A 

1 
T 
8 
9 

Ms an 

B 

C 

D 

C. 

3 
4 
5 
6 

Mean 

10 
11 
17 
18 
19 

Mean 

12 
13 
14 
15 
16 

Mean 

Divided Load Total Load 
On Back On Sled* on Sled 

13.76 
14.59 
IO.32 51.00 99.00 
14.44 61.70 95.00 
13.28 56.35 97.00 

15.24 
13.83 
15.81 61.42 99.00 
14.15 58.13 95.00 
!3.76 
14.56 59.78 97.00 

13.90 
17.37 
14.50 52.80 99.00 
15.55 60.60 95.00 
13.55 

14.97 56.70 97.00 
15.74 
14.49 56.16 99.OO 
15.85 
17.53 50.63 95.00 
15.75 
15.87 97.00 

«Only two sleds to a team—they were pulled in turn by each man 

TABLE XII 

CALIBRATION FORMULA FOR CONVERTING MASK UNITS (MASS) 
INTO LITERS OF AIR PER MINUTE AT STP* 

Mask of Subject 

1, 
2, 

5 
6, 
7, 
8, 
10, 
12; 

18 

19 
15 
14 
16 

9 
11 
17 
13 

«Ref (7) 

Formula (l/min) 

2.14 C +7.3 
2.32 C +6.1 
2.48 C +6.6 
2.26 C +6.6 
2.40 C +5.0 
2.52 c +5.2 
2.40 C +5.6 
2.20 C +6.0 
2.42 C +6.3 
2.50 C +7.4 
2.02 C +6.2 
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TABLE XV 

Team 

A & B 

C & D 

RANKING OF SUBJECTS BY TESTS AND SUBJECTIVE ESTIMATES 

PHYSICAL FITNESS AND BY ESTIMATES OF ABILITY TO 

PERFORM ALONE ON THE ICECAP 

Respiratory 

Volume per 

Body Weight Subjective 

Walking on Estimates 

Fitness Tests Treadmill of Fitness 

Subject Tread- 

No. HST mill 

1 2 5 
2 9 8 
3 5 3 
It 2 2 
5 2 7 
6 11 
7 6 5 
8 8 3 
9 7 9 

By By 

Invest.Subject 

11 2 1 
16 8 5 

6 7 7 
19 5 ^ 
10 4 8 
12 1 1 
17 3 3 
13 9 8 
6 6 6 

10 8 2 3 
11 8 5 9 
12 6 4 3 
13 1 1 2 
14 7 6 14 
15 3 8 5 
16 5 6 18 
17 10 10 1 
18 4 3 15 
19 2 8 6 

9 3 
2 1 

7 6 
3 7 
8 7 
4 10 
5 5 

10 9 
1 2 
5 *+ 

OF 

Performance 

Alone 

By 
Subject 

1 
5 
9 
7 
5 
2 
3 
8 
4 

5 
3 
6 
1 
7 
7 
10 

9 
4 
2 

4l 
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